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Abstract 
Coalbed methane is the methane rich gas found naturally within coal seams. Such methane is 
held in place on the coal surface as a free or sorbed gas by the pressure of the surrounding 
rock and pore water. By controlling the release of this pressure, the methane can be harvested 
and burned for electricity generation or pumped to the national grid. The present study 
examines the economic potential of utilising coalbed methane from virgin coal seams at a 
study area in South Wales and selling that to a power station for electricity generation. The 
model takes into account several parameters the most important of which are the methane 
content of the coal, the permeability of the coal, the drainage area of the boreholes, the 
CAPEX and the OPEX. A decline curve analysis using the exponential decline technique for 
estimating the future gas production of the study area and the UK Navigant gas projection 
prices are used to estimate the economic potential of the operation. The results show that 
methane recovery from virgin coal seams can be considered as an economic option for power 
generation for the selected study area.  
 
1.0 Introduction 
Despite the current trends towards shifting to renewable energy, fossil fuels and in particular 
coal, will continue to be a major source of energy for a period of time in the future. According 
to the IEA World Energy Outlook (2013), the global demand for coal will increase on average 
by 1.3% per year for the decades between 2010 and 2040. The tension between the use and 
the role of coal for power generation in the economic development on one hand, and the 
increasing demand for environmental protection on the other, has become a critical issue on 
the political agenda. The key to accommodate this tension is the development and application 
of clean coal technologies (CCT). One such technology is coal bed methane (CBM). Coal bed 
methane is produced by drilling into the coal seams, initially releasing water to lower the 
pressure in the coal seam and then allowing the desorption of the methane gas from the 
internal surfaces of the coal and the cleat, where it is able to flow (either as free gas or 
dissolved in water) towards the production well at the surface. By controlling the release of 
pressure in the coal seam, it is possible to capture the methane in the form of a free gas (EPA, 
2004). Occasionally, CBM extraction may need to be enhanced by hydraulic fracturing due to 
insufficient natural permeability within the coal. The methane gas can then be collected, 
treated and used in a variety of applications including electricity generation (Figure 1).  
In 2010, the BGS estimated that the UK has total onshore CBM resources of 2,900 billion 
cubic meters (DECC 2010). Today, there are a number of active CBM productions in the 
United Kingdom, such as in Staffordshire and sites in Scotland (Jones et al., 2004). Current 
successes in the production of CBM in these areas show that it can be implemented in other 
parts of the UK including South Wales. This study presents the development and application 
of a techno-economic model to examine the potential and economic viability for employing 
coalbed methane recovery for power generation at a representative site in the South Wales 
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coalfield. The representative site is evaluated for its feasibility and profitability from selling 
the methane to satisfy the needs of a 50 MW power station. 
 
Figure 1. A schematic diagram showing the CBM processes involved in a scaled CBM 
production.  
2.0 The Geology of South Wales Coalfield 
The South Wales Coalfield (Figure 2) is situated within an asymmetrical syncline 
approximately 96 km East-West and 30 km North-South and covers an area of about 2,690 
km2. The South Wales coalfield is an erosional remnant of a formerly extensive area of 
Carboniferous geology (Harris et al., 1996). The geology of South Wales distinctly displays a 
wide range of formations and rock exposures of varying ages and periods. The types of rocks 
in South Wales are such as the Devonian, carboniferous limestone, Millstone formations and 
the South Wales coal measures. The South Wales Coal Measures consists of the: a) the lower 
coal measure; b) the middle coal measure; and c) the upper coal measure. The Coal Measures 
are all of Carboniferous age and lie upon the Lower Carboniferous limestones, which in turn 
lie upon the Devonian sandstone. The lithology of the South Wales Lower Coal measures are 
made up of the productive coal-bearing mudstones/siltstones, with seat earths and minor 
sandstones.  
 
 
Deep 
Coal 
Seams 
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Figure 2. A simplified geology of the South Wales Coalfield showing the locations of the 
coal measure outcrops (Edina Digimap, 2014). 
 
The lower boundary of the Middle Coal Measure is at the base of the Vanderbeckei (Amman) 
Marine Band (Stubblefield and Trotter, 1957), where grey, marine, fossiliferous mudstones at 
the base of the marine band conformably overlie the Amman Rider Coal or the local 
equivalent where the Amman Rider amalgamates with the underlying coals. These coals are 
heavily mined in the past during the 19th as well as the 20th centuries. The coal rank in the 
South Wales Coalfield varied from high volatile bituminous coals in the south and east crops 
to anthracite coals in the north-western part of the coalfield (Bevins et al., 1996; Moore, 
2012). The lower coal measure can be observed to have more anthracitic coal seams 
compared to the middle coal measure and the upper coal measure. Whereas the upper coal 
measures have more sub-bituminous ranked coal, which are located at the southern part of the 
South Wales Coalfield (Bevins et al., 1996). 
 
3.0 Factors influencing the investment in CBM in South Wales   
The reservoir parameters (e.g. the gas content of the coal seams, permeability of the coal 
seams, the thickness of coal seams, the depth of coal seams etc), the technological 
advancement (e.g. knowledge and expertise, drilling contractors etc) as well as the favourable 
government policy of a region are considered to be of a driving influence of the investment on 
CBM. The cost of drilling and completion increases with the increase in the depth of the coal 
seam and the corresponding reduction in the natural fracture network and seam permeability 
restricts the basin consideration for economic production. The thickness of the target coal 
seam is another favourable factor in the investment decision for profitable CBM production. 
The South Wales Coalfield is characterised by both thick and gassy coal seams. Based on a 
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173 samples from 24 boreholes taken at an average depth of 702 m, the mean methane 
content is 13.3 m3/tonne (Creedy,1986). Also, according to Creedy (1986), the average values 
derived from 18 anthracite coal samples taken from three boreholes were 18.3 m3/tonne at an 
average depth of 692 m. In addition, according to the DTI (2001) report on UK capability for 
coalbed methane extraction and utilisation, there is a sufficient natural gas supply chain. 
Furthermore, for Wales, a variety of legislation covers the individual activities related with 
unconventional gas developments (National Assembly Wales 2012) and Petroleum 
Exploration and Development Licenses (PEDLs) are awarded in a series of ‘rounds’ by the 
DECC (DECC, 2012). Figure 3 shows the sites in South Wales where PEDLs have been 
awarded to entitled companies during the 14th round on the 28th of July 2014 (DECC, 
2015).Figure 3. Areas that have been awarded the PEDLs in South Wales during the 14th 
Round in 2014 (Map updated on 9th of March 2015) (DECC, 2015).) 
 
4.0 The Study Area 
The study area is located in the South Wales Coalfield. The targeted coal seams are the 
Eighteen Feet with an average thickness of 4 m at depths of 500 m, the Nine Feet with an 
average thickness of 3.5 m at depths of 550 m and the Bute with an average thickness of 1 m 
at depths of 600 m, based on the borehole logs from the proposed site.  The coal methane 
content from the coal seams were found to have a minimum of 12.2 m3/t and a maximum of 
15.5 m3/t. The coal resource area determined by establishing a series of site selection criteria 
based on the parameters shown in Table 1. Using the site selection criteria from Table 1, site 
buffers were drawn eventually we came up with an effective area which is equal to 4.14 Km2 
as shown with green color in Figure 4.  
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Table 1. A summary of the selection criteria and its parameters 
Selection Criteria Parameter Reference 
Resource area (m2) Greater than 1 Km2 (Jones et al., 2004) 
Gas content (m3/t) Greater than 8.4 m3/t  (DECC, 2012) 
Seam thickness (m) Greater than 1.5 m  (DECC, 2012) 
Depth of coal seams (m) Greater than 500 m and less than 1,000m  (van Berger, 2003) 
Coal rank Greater than Bituminous  (Bevin et al., 1996) 
Permeability of coal and bedrock (mD) Greater than 1 mD  (DECC, 2012) 
Proximity from populated areas (m) 1,000 m away  (van Berger, 2003) 
Proximity from underground mine 
workings (m) 
100 m away  (van Berger, 2003) 
Proximity from fault zones (m) 500 m away for major fault, and 200 m 
away for minor fault 
(van Berger, 2003) 
Proximity from waterways (m)  25 m away  (van Berger, 2003) 
Proximity from aquifers (m) 1,000 m away (van Berger, 2003) 
 
Figure 4. The coal resource area of the representative site. 
5.0 The Techno-economic model  
A techno-economic model to assess the economic viability of the CBM technology in the 
South Wales Coalfield has been developed. The model is able to determine the profitability of 
a possible coalbed methane production at the representative site by evaluating the amount of 
profits gained by selling the methane harvested from the coal seam to a power station. The 
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techno-economic model takes into account the geological and reservoir conditions, the capital 
expenditure (CAPEX) and the operational expenditure (OPEX). Initially, the original  gas in 
place (OGIP) that can be recovered from the reservoir by the CBM production have been 
calculated based on the equation 1: 
𝑂𝐺𝐼𝑃 = 𝐴ℎ𝜌𝑐𝐺𝑐     (Eq.1) 
Where 
OGIP is the Original Gas in Place (m3) 
A is the Area (m2) 
h is the Cumulative height of coal in the area (m) 
𝜌𝑐 is the Density of the coal (tonne/m
3) 
𝜌𝑐 is the Gas content of the coal (m
3/tonne) 
 
Fort the proposed site, the OGIP has been estimated to be equal to600 million m3. The 
Estimated Ultimate Recovery (EUR) can then be calculating by multiplying the OGIP with 
the recovery factor (RF). The recovery factor is related to the pressure drop that can be 
achieved via water abstraction (Rogers et al., 2007). For this study, the recovery factor (RF) 
has been taken equal to 60% according to White et al. (2005). The EUR of the representative 
site calculated to be equal to 300 million m3.  
The development plan consists of the expected infrastructure such as the boreholes, the 
pipelines, the gas collection points and other infrastructure. The number of boreholes can be 
determined by the number of circular methane drainage areas that can be fitted into study 
area. The bigger the methane drainage area, the lesser the number of boreholes will be. The 
methane drainage area for the study area was assumed to be 620 m based on the Black 
Warrior Basin Alabama (2012). Figure 5 shows the development plan for the study area. 
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Figure 5. The development plan for the representative site showing the boreholes, pipelines 
and other infrastructures.  
The estimated CAPEX of the equipment, utilities and other infrastructures for a full scale 
CBM production at the proposed site is shown in Table 2 (Energybiz, 2014; Archer et al., 
2006). The estimated OPEX is based on the amount of materials used (e.g. water, proppant 
and drilling materials) and is shown in Table 3 (Energybiz, 2014; SouthWestWater, 2015). 
 
Table 2.  The CAPEX for a CBM production at the representative site.  
Infrastructure and Equipment Costs 
Pumping and hydraulic fracturing Equipment  £50,000 
Road Structure £500,000 
Gas Collection Points (GCP) and Compression units £1,087,000 
Methane Pipelines  £847,960 
Gas Storage and Gas Clean Up £200,000 
Safety, monitoring, licenses and verification costs  £13,000 
Environmental Impact Assessment and Decommissioning Costs £150,000 
Other Infrastructures £150,000 
TOTAL CAPITAL EXPENSES (CAPEX) £2,997,960 
 
Table 3. The OPEX for a CBM production at the representative site.  
Operations Units 
Drilling, fracking and water pumping per borehole £406,010 £/well 
Maintenance £88,983 £/year 
Labour £350,000 £/year 
Electricity and fuel for general purposes £20,000 £/year 
Remediation costs and Water Disposal £150,000 £ 
TOTAL OPERATIONAL EXPENSES (OPEX) £1,014,993 £ 
 
The estimated ultimate recovery (EUR) is used to calculate the amount of energy that could 
possibly be produced. This can be done by multiplying the caloric value of methane gas in 
Mega Joules per meter cubic which is 42 MJ/m3, with the EUR. The maximum energy 
produced is 14.3 Billion MJ. In order to supply a 50 MW power station, the amount of energy 
supplied each year is calculated by using equation 3 below. The amount of energy required 
each year in order to meet the 50 MW power capacity at 40% efficiency is 0.63 Billion MJ. 
Hence, the amount of gas supplied each year to the 50 MW power station is 15 Million m3. 
 
𝐸40
𝑝𝑐 = 𝑝𝑐𝑌𝑇𝑒 (Eq.3) 
Where 
𝐸40
𝑝𝑐
 is the Energy required at 40% efficiency (MWh) 
Pc is the maximum power (MW) 
𝑌 is the number of days in 1 year (365 days) 
𝑇 is the number of hours in 1 day (24 hours) 
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𝑒 is the efficiency (%) 
 
The decline curve analysis is modelled using the exponential decline technique for estimating 
the future production (Mazumder and Wolf, 2004). Data from the Black Warrior Basin 
production history is used and the results from the exponential decline technique plotted as 
log gas rate against the time in years as shown in Figure 6. From the analysis, it is observed 
that the amount of gas produced per borehole is approximately 5.8 Million m3 per year per 
well. The results from the gas production decline curve analysis can be used to find the 
number of boreholes to be drilled each year. Therefore the number of boreholes to be drilled 
on the first year and also the following years will be determined by dividing the EUR by the 
maximum amount of gas-in-place per methane drainage area. Based on the decline curve 
analysis in Figure 6, the number of borehole to be drilled initially are 3. The lifespan of one 
borehole has been estimated to be 8 years whereas; the lifespan of the whole CBM production 
has been calculated to be 22 years.  
Figure 6. The decline curve analysis of the study area by the exponential decline technique 
and the production history of Black Warrior Basin, USA. 
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The revenues are dependent on two important factors; the amount of gas produced each year 
and the gas prices. Thus, the higher the prices, the more revenues will be generated and the 
same goes for the amount of gas produced. Two examples of gas prices derived from the 
projections made by Navigant (UK prices) as wells as the gas prices projected by Henry Hub 
(USA prices) shown in Figure 7 (Navigant, 2012). However, for the purpose of this study, 
only prices from UK Navigant are considered in the evaluation of the cash flows. 
Figure 7. The gas prices as projected by UK Navigant/DECC (Navigant, 2012). 
 
Before introducing the cash flows, we will first define the yearly CAPEX and OPEX that in 
turn will subtract the yearly revenues. In addition, a 20% VAT is imposed onto the revenues 
(DECC, 2012). Table 4 shows the projected yearly CAPEX and OPEX and the deducted 
revenues.  
 
Table 4. The projected yearly CAPEX and OPEX, deducted revenues. 
Year Revenues 
The yearly 
CAPEX 
The yearly 
OPEX 
20% VAT 
Deducted 
Revenues 
2014   £3,613,467 £3,135,644 £1,691,222 £722,693 -£1,936,093 
2015 £3,666,606 £63,960 £1,003,977 £733,321 £1,865,348 
2016 £3,719,745 £150,960 £1,431,273 £743,949 £1,393,564 
2017 £3,719,745 £63,960 £1,431,273 £743,949 £1,480,564 
2018 £3,772,884 £150,960 £1,431,273 £754,577 £1,436,075 
2019 £3,826,024 £63,960 £1,003,977 £765,205 £1,992,882 
2020 £3,879,163 £8,000 £576,682 £775,833 £2,518,649 
2021 £3,932,302 £8,000 £576,682 £786,460 £2,561,160 
2022 £3,932,302 £8,000 £576,682 £786,460 £2,561,160 
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2023 £3,985,441 £8,000 £576,682 £797,088 £2,603,672 
2024 £4,038,581 £8,000 £576,682 £807,716 £2,646,183 
2025 £4,091,720 £8,000 £576,682 £818,344 £2,688,694 
2026 £4,144,859 £8,000 £576,682 £828,972 £2,731,206 
2027 £4,197,998 £8,000 £576,682 £839,600 £2,773,717 
2028 £4,251,137 £8,000 £576,682 £850,227 £2,816,228 
2029 £4,304,277 £8,000 £576,682 £860,855 £2,858,740 
2030 £4,357,416 £8,000 £576,682 £871,483 £2,901,251 
2031 £4,410,555 £8,000 £576,682 £882,111 £2,943,763 
2032 £4,463,694 £8,000 £576,682 £892,739 £2,986,274 
2033 £4,516,833 £8,000 £576,682 £903,367 £3,028,785 
2034 £4,516,833 £8,000 £576,682 £903,367 £3,028,785 
2035 £4,569,973 £8,000 £576,682 £913,995 £3,071,297 
 
 The cash flow profits over time, showing the payout and the maximum amount of profit 
made shown in Figure 8. In the first year of the production, the capital investments consist of 
the total CAPEX and OPEX. The payout is the time required to have the original investment 
returned as cash flows (Rogers et al., 2007). The payout for the study area is 1 year. The 
cumulative profits gained over time are £54 million.  
Figure 8. The cash flow profits over time, showing the payout and the maximum amount of 
profit made. 
 
6.0 Conclusions and Future Work 
The development of a dynamic techno-economic model for the calculation of the returns on 
investment of a CBM operation for a study area in the South Wales Coalfield has been 
undertaken in this study. A suitable resource area has been selected based on a series of site 
selection criteria. In total, 11 boreholes have been considered to extract the CBM from the 
study area at 60% recovery factor. The CAPEX and OPEX are estimated based on the amount 
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of boreholes that are drilled and the lifespan of the CBM recovery. Since, coalbed methane 
production data from the South Wales Coalfield are lacking, the decline curve analysis 
modelled using the exponential decline technique based on data from the Black Warrior 
Basin. The projections of the methane gas prices were obtained by the UK Navigant to 
evaluate the revenues made. The yearly CAPEX, OPEX, 20% VAT are costs that are 
deducted from the revenues and therefore estimating the cash flow profits. Results from the 
overall techno-economic model shows that the CBM production at the representative site has 
a cash flow profit of £54 million in 22 Years. This resulted in the return on investment (ROI) 
of 1,122% by investing £4,826,866 in the first year. This shows that methane recovery from 
virgin coal seams can be considered as an economic option for power generation for the 
selected study area in the South Wales. Future studies will look at adapting the techno-
economic model to other selected target areas in the comparing the results and determining 
site-specific characteristics advancing or disadvantaging a competitive CBM application in 
South Wales Coalfield. 
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